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1
ENERGY GUIDING CHAIN

CROSS REFERENCE TO RELATED
APPLICATTONS

This application 1s a divisional of U.S. patent application
Ser. No. 09/674,634, filed May 5, 1999, which 1s herein
incorporated 1n its entirety.

FIELD OF THE INVENTION

The 1nvention relates to an energy guiding chain for
cuiding cables, hoses and the like, having a number of chain
links connected to one another 1n articulated fashion which
are formed by parallel straps connected by cross-members,
which energy guiding chain can be moved 1n such a way that
it forms an upper strand, a lower strand and a deflection zone
connecting the two, where the upper strand rests on the
lower strand, and where at least some of the chain links of
the upper strand and/or the lower strand are provided with
rollers which are arranged in such a way that, when the
energy guiding chain travels, they can roll on running
surfaces provided on the chain links of the opposite strand.

Furthermore, the invention relates to an energy guiding
chain for guiding cables, hoses and the like, having a number
of chain links connected to one another 1n articulated fashion
which are formed by parallel straps connected by cross-
members, which energy guiding chain can be moved 1n such
a way that it forms an upper strand, a lower strand and a
deflection zone connecting the two, where the upper strand
rests on the lower strand.

BACKGROUND OF THE INVENTION

In some applications, energy guiding chains of this kind
are of a considerable length which can be 1n the region of
100 meters or more. Thus, the drive must provide corre-
spondingly high drive power 1n order to move the energy
ouiding chain. This 1s especially the case 1f the upper strand
of the energy guiding chain rests on the lower strand during
travel, as the corresponding sliding friction, which reaches a
substantial magnitude with very long energy guiding chains,
has to be overcome. The respective sliding surfaces of the
chain links are subject to increased wear due to the friction
between the upper strand and the lower strand.

As considerable tensile forces are required to move the
energy cuiding chain, a change 1n length also occurs 1n the
energy guiding chain which can easily amount to up to
roughly 8%, referred to the length of the unstressed chain.
This change in length occurs as a result of the ever-present
play between the chain links and the ever-present elasticity
of the chain links. This elongation of the energy guiding
chain generates corresponding stress on the hoses or the like
cuided by the energy guiding chain.

It 1s common practice to provide special support struc-
tures for particularly long energy guiding chains that support
the upper strand so that the upper strand can be moved on
this support structure. In order to facilitate the movement of
the energy guiding chain, some of the chain links are
provided with rollers that can roll along the support struc-
ture. However, the arrangement of support structures of this
kind 1s very complex and, 1n addition, the support structure
cannot be used when moving an energy guiding chain in
which the upper strand 1s arranged above the lower strand.
In this case, 1t has been proposed to design the support
structure 1in such a way that the supporting members can be
swung out to the side 1n order to be removed from the range
of motion of the energy guiding chain. However, this
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requires a corresponding swivel mechanism, which requires
appropriate maintenance and also restricts the travel speed
of the energy guiding chain. On the whole, there are many
fields of application of energy guiding chains in which
support structures are not expedient, quite apart from the
technical resources they require.

GB 1 444 307 A discloses an energy guiding chain in
which the chain links are provided with supporting areas
which are oriented in such a way that they combine to form
a flat surface. The supporting areas are provided at the 1nner
side of the loop of the energy guiding chain. Predetermined
chain links are provided with supporting wheels which

protrude beyond the plane of the adjacent supporting area,
through a recess provided 1n the supporting area. An energy
cuiding chain 1s thus provided by means of which the
supporting forces can be dissipated via the chain links 1n a
favorable manner so that the chain links can be of light
construction and higher supporting forces can be distributed.

SUMMARY OF THE INVENTION

The object of the present invention 1s to design an energy
ouiding chain 1n which the upper strand can be moved lying
on the lower strand with the least possible power and low
wear, and which 1s of the simplest possible design, and by
which a simply constructed guidance of the energy trans-
mission chain 1s provided, even 1n case of long energy
cuiding chains.

According to the invention, the object 1s solved 1n that the
rollers have a guide profile, which 1s formed by several
circumferential guide grooves positioned at a distance from
one another in the running surface of the rollers. By these
features of the rollers according to the present invention the
travel characteristics can be further improved and an emis-
sion of noise can be further reduced, furthermore, friction
between the lower strand and the upper strand can be
lowered. Stmultancously, a reliable guidance of the energy
ouiding chain 1s provided.

Furthermore, 1t 1s an object of the present invention to
provide an energy guiding chain having increased stability
of the chain links, especially 1n case of long chain links.

According to the invention, this object 1s solved 1n that
two cross-members at a distance from one another in the
longitudinal direction of the chain are provided on one
narrow side of a chain link.

When the rollers of two chain links equipped with rollers
running on top of one another meet, they become oflset by
roughly the width of one groove due to the geometry of the
ouide grooves, so that the profiles of the meeting rollers
mesh. The elasticity of the energy guiding chain easily
permits the upper strand and the lower strand to run slightly
oifset relative to one another. This offset roughly corre-
sponds to the width of one guide groove. This advanta-
ogeously prevents the convergence of the two superposed
strands when two rollers meet.

It 1s particularly advantageous if the depth of the guide
ogrooves 1s at least equal to the distance the roller projects
beyond the running surface of the associated chain strap.
The rollers then need no longer climb up and down one
another, and a considerable amount of tensile force that
would otherwise have to be applied to the upper strand 1s
climinated. Approaching rollers can simply pass through one
another.

The guide grooves are expediently provided with a
roughly trapezoidal cross-sectional profile, which ensures
the correct alignment of the rollers relative to one another.

In this context, the rollers in the sense of the invention
should be taken as being elements that rotate when they
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contact the running surfaces and move relative to them. For
example, areas on the chain straps projecting out to the side
can be provided as running surfaces.

As a result of these measures, the upper strand can travel
directly on the lower strand by means of the rollers, while
the friction between the upper strand and the lower strand 1s
dramatically reduced due to the rollers provided 1n accor-
dance with the mvention. For example, the friction of the
energy guiding chain according to the invention 1s roughly
6 or more times less than that of a conventional energy
cuiding chain of similar design, meaning that the chain can
be 6 or more times longer with the same drive.

Furthermore, as a result of the rollers provided, there 1s
considerably less elongation of the chain as compared to
conventional energy guiding chains travelling at the same
speed. The wear on the contact surfaces between the upper
strand and the lower strand 1s also markedly reduced.

As the running surfaces for the rollers of the opposite
strand are located directly on the chain links, it 1s possible
to design the energy guiding chain to be particularly
lightweilght, meaning that the length of the energy guiding
chain and 1its travel speed can be correspondingly high.

The rollers can be directly mounted on the chain straps
using appropriate bearings, and the roller mount can be
correspondingly stable. Thus, separate connectors are not
required.

The rollers are preferably located in recesses provided on
the chain straps, with the rollers projecting at least slightly
beyond the chain straps towards the opposite strand. The
axis of rotation of the rollers 1s located mside the cross-
section of the chain straps.

The running surfaces for the rollers can be directly formed
by the narrow sides of the chain straps facing the opposite
strand. In this context, the chain straps can be designed 1n
such a way that a continuous running surface 1s formed when
the energy guiding chain 1s extended, so that there are no or
only slight differences in the level of the running surface,
particularly 1n the joint sections of the chain straps.

The recesses for accommodating the rollers in the chain
straps can be of closed design 1n the lateral direction of the
chain straps, 1.e. perpendicular to the longitudinal direction
of the energy guiding chain. The pockets formed in this way,
which are only open to one side, make it possible to design
an energy guiding chain with a completely enclosed interior.

In order to ensure minimum surface pressure on the
running surfaces, the width of the rollers should be as large
as possible. To this end, the chain straps can, 1f necessary, be
provided with wider sections of corresponding width 1n the
region of the rollers, where the wall thickness of the chain
straps can decrease towards the joint sections or towards the
longitudinal center of the chain straps.

One, two or more rollers can be provided on each narrow
side of the chain straps, the rollers being spaced apart from
one another in the longitudinal direction of the energy
ouiding chain, so that the stress on the rollers and the
bearings can be distributed over several different rollers in
cach case.

The straps can be connected by a cross-member posi-
fioned 1n the middle of the chain strap or midway between
the two or more rollers, as appropriate. The narrow sides of
opposing straps are prelerably connected by two cross-
members, which can, 1n particular, be located on the side
straps immediately adjacent to the joint or end sections, thus
increasing the stability of the chain links, particularly in the
case of long links. In this way, the straps can be connected
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by four cross-members or, if appropriate, by only three or
two cross-members. It 1s particularly advantageous for the
cross-members to be provided with wider sections on the
side, which partially cover the inside of the adjacent strap.
If top and bottom elements are to be provided on the
cross-members, so that a completely closed cable channel
results, the distance between adjacent cross-members on one
narrow side of the straps and the strap length are advanta-
geously twice as large as on the chain links without rollers.
The links provided with rollers can thus be fitted with twice
as many standard top and bottom elements as the links used
previously, 1n order to form a closed channel without requir-
ing special parts.

In another configuration, each chain strap can be provided
with at least one roller mounted 1n the middle of the chain
strap, with cross-members arranged in front of or behind the
roller 1n the longitudinal direction of the energy guiding
chain—ypreferably 1n front of and behind it. A configuration
with several cross-members 1s particularly advantageous if
the chain straps are longer due to the rollers mounted on
them.

In order to improve the travel characteristics of the energy
cuiding chain, the running surfaces can have run-up bevels
rising towards the rollers. In this way, the height of the
rollers projecting beyond the chain straps can be reduced for
any given arrangement of the axis of rotation, this having an
advantageous eifect on the quiet running of the energy
ouiding chain.

In order to mount the rollers in the recesses of the chain
straps, flanges can be provided which have a bearing section
for the rollers, where the tlanges can have sections of greater
radial dimensions in relation to the axis of rotation of the
rollers, these sections being provided with means for attach-
ing the flanges to the chain straps. The rollers can be
mounted on one or both sides of the flanges. The axles can
also be mounted on one side of the flange and on the
opposite section of the chain strap.

If the chain straps are provided with recesses for accom-
modating the rollers, means can be provided with which the
recesses can be bridged on the side towards the opposite
strand. This can be achieved by using corresponding caps,
for example. This can prevent the rollers of one strand from
running 1nto recesses 1n the chain links of the opposite
strand, 1f no rollers are mounted 1n these recesses.

In particular, standard chain links can also be provided
between the chain links with rollers. In this way, the energy
ouiding chain can essentially consist of the previously
known chain links, between which chain links additionally
provided with rollers are mounted at intervals of several
chain links, for example.

The chain straps can also be alternatively or additionally
designed 1n such a way that they are provided with recesses
for accommodating rollers on one of the narrow sides
running parallel to the longitudinal direction of the chain,
where the opposite narrow side of the chain strap has no
recesses, and where the chain straps are designed in such a
way that they can be mounted with either of the narrow sides
facing the opposite strand. The same chain strap can thus be
optionally used for assembly with or without rollers. For this
purpose, the chain strap need only be rotated 180° about its
longitudinal axis, or about the axis which extends through
the center plane of the chain straps perpendicular to their
longitudinal direction.

The links with rollers have a greater length, 1.€. a greater
pitch than the conventional chain links. Exceeding certain
pitch dimensions 1s not desirable, as this generates uneven
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running of the chain through the deflection radius, especially
when links with very different lengths are connected in
alternating fashion. Therefore, one configuration of the
invention provides that the rollers be mounted on the side of
the chain straps projecting outwards and that wider sections
of the chain straps projecting out to the side be provided as
running surfaces. In this way, the pitch of the chain links
without rollers can be retained on chain links with rollers.

In a configuration of the energy guiding chain such as this,
at least all the chain straps of one strand—»both the outer and
inner straps—are expediently provided with a wider section
which forms a running surface, so that at least one essen-
fially closed running surface 1s formed along the length of
the energy guiding chain.

Each of the rollers can penetrate a window-like recess in
the wider sections which form the running surfaces.

The rollers can be distributed over the chain links in
different ways. It 1s not always necessary to provide every
chain link with rollers, so the rollers can also be mounted on
the energy guiding chain at intervals of more than one chain
link. In this context, an equal distance can be provided
between the rollers so that, for example, only every fourth,
fifth, etc. chain link 1s provided with opposing rollers.

However, the rollers can also be distributed over the
length of the energy guiding chain at irregular intervals.
Thus, the rollers can be distributed at greater repeat periods,
within which the distance between the rollers can, for
example, alternate, so that, starting at one chain link, rollers
can be mounted after three, then five, then three chain links,
etc., 1n the longitudinal direction of the chain. In this context,
the distribution of the rollers over the chain links can also be
random.

In addition, 1t 1s not necessary to provide both chain straps
of the same chain link with rollers, meaning that the distri-
bution of the rollers over the various strands of chain straps
need not be symmetrical.

An 1rregular or asymmetrical distribution of the rollers
has the advantage that, at certain times during the movement
of the energy guiding chain, not all the rollers are 1n contact
with one another simultaneously, but rather only a few of
them, where the time between contact of the rollers can vary.
In this way, the slight jolts caused by the meeting of the
rollers can be distributed irregularly over the energy guiding
chain, so that jerky movements along the entire length of the
energy guiding chain can be avoided when it 1s travelling
rapidly. This can improve the quiet running of the energy
cuiding chain.

Depending on the operating conditions of the energy
ouiding chain, the chain straps can be provided with rollers
that project beyond the longitudinal axis of the chain straps
on one side, on the opposite side, or on both sides of the
chain straps. In this way, these rollers can be optionally
mounted 1n the region of the upper strand or the lower strand
or, if the energy guiding chain can move on both sides of the

end point, on both sides of the chain straps.

It 1s also particularly possible to provide rollers on energy
cuiding chains that have more than two parallel strands of
chain straps, in which case rollers are to be provided on at
least two strands. For example, the rollers can be located
exclusively on the outer strands, and they can instead or
additionally be provided on one or more of the 1nner strands
of chain straps.

It 1s particularly advantageous if, 1n at least one area of the
chain adjacent to the moving driver of the energy guiding
hain, sections of chain links are interconnected, and the
chain link closest to the driver 1s connected to the driver in
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tension-resistant fashion by at least one element which 1s
essentially inextensible in the longitudinal direction of the
chain and flexible 1n the bending direction of the chain. An
clement of this kind 1s described in German Patent Appli-
cation DE 198 07 083, the entire contents of which are
incorporated herein.

Because of the arrangement of the inextensible element
on the energy guiding chain in combination with the
arrangement of the rollers, the chain can be moved over very
oreat lengths with minimum power and without elongating
the energy guiding chain under tensile stress. This generally
enables energy guiding chains of particularly great length to
be controlled and thus opens up new fields of application for
energy guiding chains.

The sections 1n which the chain links connected by one or
more 1nextensible elements are arranged advantageously
comprise several chain links. The sections can be of equal or
unequal length. Unequal lengths are preferably used, with
the sections becoming shorter towards the driver, because

the tensile stress on the chain increases towards the driver.

The 1nextensible element, or at least one of them 1if there
are several, can be one of the lines guided 1n the chain. The
mextensible element, or at least one of the inextensible
clements, 1s preferably arranged separately from the lines.
The element or elements arranged separately from the lines
can be provided in the mterior of the chain and consists of
stcel cables, for example. However, any other kind of
clement that displays these characteristics 1s also conceiv-

able.

Adjacent ones of the chain links located at the ends of the
individual sections are preferably interconnected, and the
closest of these chain links to the driver if preferably
connected to the driver i1n tension-resistant fashion by at
least one element which 1s inextensible 1n the longitudinal
direction of the chain and flexible 1n the bending direction of
the chain.

The inextensible element(s) is/are preferably mounted in
tension-resistant fashion on strips arranged separately from
the cross-members, the strips being connected to the oppos-
ing straps of the chain links.

The lines guided through the chain are advantageously
secured to these strips by clamps, which can also be pro-
vided with fastening elements for the ends of the steel cables
or other appropriate 1mnextensible elements.

The strips can have pins on the ends lying in the trans-
verse direction of the chain, which assume the function of
link pins for the associated chain links. This means that the
pins on the straps form a positive connection by reaching
through two aligned openings in the overlapping areas of
directly adjacent chain links and thus form the hinge axes
between these chain links. This configuration permits the
lines and the separate mnextensible elements mounted on the
strips to be arranged 1n pivoting fashion about the hinge
axes.

The strips can have projections on the ends lying in the
transverse direction of the chain, which engage correspond-
ingly shaped grooves on the inside of the chain links
between the joint sections. The grooves provided 1n all chain
links of a cham series can also be used to mount other parts
between the chain straps.

The energy guiding chains according to the 1nvention can
consist of inner and outer straps, as well as angled chain
links. The cross-members can 1n each case be mounted in
detachable fashion on the side straps or integrally molded on
them, or they can be of such a width that they form a closed
channel. The joint connections can be of any design, such as
integral hinges or the like.
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BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s described 1n detail below and an example
explained based on the drawings. The drawings show the
following;:

FIGS. 1a—1d, herein collectively referred to as FIG. 1,

illustrate different views of an outer strap of an energy
cuiding chain according to the invention,

FIGS. 2a-2d, herein collectively referred to as FIG. 2,

illustrate different views of an inner strap of an energy
cuiding chain according to the invention,

FIGS. 3a-3d, herein collectively referred to as FIG. 3,
illustrate a second configuration of an outer strap,

FIGS. 4a and 4b, herein collectively referred to as FIG. 4,
illustrate a cross-section of a chain strap taken through a
roller,

FIG. 5 A top view of a section of an energy guiding chain,

FIGS. 6a—6¢, herein collectively referred to as FIG. 6,
illustrate side views of three energy guiding chains with the
upper strand resting on the lower strand and different roller
distributions,

FIGS. 7 and 8 Enlarged views of an energy guiding chain
according to FIG. 6 1n different travel positions,

FIGS. 9a and 9b, herein collectively referred to as FIG. 9,
1llustrate a cross-section of an energy guiding chain with the
upper strand resting on the lower strand 1n different travel
positions,

FIGS. 104 and 10b, herein collectively referred to as FIG.
10, 1llustrate a side view of an energy guiding chain with an
inextensible element connecting the driver and chain links,

FIG. 11 A view of a second configuration of the energy
cuiding chain according to the invention with the upper
strand resting on the lower strand, where the rollers are
located on the side of the chain straps projecting outward,

FIG. 12 A partially cut-away view of the illustration in
FIG. 11,

FIGS. 13 and 14 Side views of an energy guiding chain
with the upper strand resting on the lower strand according,
to the second practical example of the 1nvention,

FIG. 15 An 1llustration of an energy guiding chain with
the upper strand resting on the lower strand according to a
third practical example of the invention, 1n which the rollers
have a profile,

FIG. 16 A partially cut-away view of the illustration in
FIG. 15, and

FIGS. 17 and 18 A side view of the energy guiding chain
according to the third practical example of the invention 1n
different travel positions of the energy guiding chain.

DETAILED DESCRIPTION OF THE DRAWINGS

The chain strap 1 shown 1n FIG. 1 1s designed as an outer
strap, which is connected to an inner strap 2 (shown in FIG.
2) in articulated fashion to form a strand. For this purpose,
link pins 5 are provided on end sections 3, 4 of outer straps
1 and corresponding pin guides 8 on end sections 6, 7 of
iner straps 2, as well as corresponding pairs of stops 9, 10
to restrict the swivel angle.

Straps 1, 2 are each symmetrical about the center plane
perpendicular to the longitudinal axis of the straps.

Middle sections 11, 12 of chain straps 1, 2 are designed as
wide sections and merge on the side of straps 1, 2 facing,
away Irom the chain interior, via bevels 13, 14 running
perpendicular to the longitudinal axis of the straps, into end
sections 2, 3.
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Aroller 15 1s mounted 1n rotating fashion 1 an arc-shaped
recess 154 1n middle section 11 of outer strap 1 by means of
a flange 16. Axle 17 of the roller 1s fixed at one end by flange

16 and at the opposite end 1n a recess in the chain strap.

Protruding arca 18 of roller 15 can roll over a running
surface located on the chain links of the opposite strand, so
that the upper strand can move lying on the lower strand.

In the embodiment, narrow sides 19 of the chain straps
(see FIG. 9) serve as running surfaces for the rollers of the
opposite strand and essentially extend between the swivel
axes of adjacent chain links defined by the joint sections
(FIGS. 6 to 8). This ensures that, when the energy guiding
chain 1s extended, no dips are formed between the running
surface sections 26 of adjacent chain straps level with the
joint connections, thus resulting 1n a continuous running
surface for the rollers over the length of the chain with very
little or no differences in height.

Running surface or narrow side 19 has run-up bevels 20
extending in the longitudinal direction of the energy guiding
chain and positioned before and after roller 15, which rise
towards rollers 15 and essentially start level with the swivel
axes of the straps. In this context, the slope of run-up bevels
20 1s relatively small and can, for example, climb a height
of about 3 mm over a length of 80 mm. Area 18 of roller 15
projects above the apex of run-up bevel 20 by about another
2 mm.

The inner straps, and the narrow sides of the outer straps

without rollers, do not have any run-up bevels 1n the
embodiments shown.

In the practical example shown, the diameter of rollers 15
1s essentially half the height of chain strap 1.

Thus, the run-up angle to the rollers (angle between the
circumferential surface of the roller and the run-up bevel) is
relatively small. However, rollers with a considerably
smaller diameter relative to the height of the chain straps can
also be used.

Due to the widening of middle sections 11, 12 of chain
straps 1, 2, 1t 1s also possible to widen the running surface
for the rollers at this location, which results 1n less surface
pressure on narrow sides 19 of the chain straps and thus in
a further reduction of the material stress.

As FIGS. 1, 2, 3 and § also show, pairs of pins 21 for
mounting cross-members 22 are arranged level with the
widened middle sections 11, 12 at a substantial distance
from one another, so that opposing inner and outer straps are
connected by four cross-members, thus increasing the sta-
bility of the chain links. The pins 21 on the outer strap are
arranged before and after roller 15 1n the longitudinal
direction of the energy guiding chain. Cross-members 22 of
the 1nner straps are also mounted at a distance from one
another (FIG. §). If the opposite side of chain strap 1 is not
provided with a roller (as shown), the chain straps on this
side can also be optionally connected by a single cross-
member positioned level with the roller.

According to the embodiment in FIG. 3, two (or possibly
more) rollers can also be mounted in series on one chain
strap. The rollers are attached to the wider section by way of
flanges 1n this embodiment also. As on the chain straps in
FIGS. 1 and 2, cross-members 22 are arranged at the ends of
the wider section. They can, 1f necessary, also be provided
between the rollers. The running surface section between
rollers 15 runs parallel to the opposing narrow side of the
strap,

As shown 1n FIGS. 4 and 9, rollers 15 roll over narrow
sides 19 of chain straps 1 of the opposite strand until they
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come 1nto contact with the rollers of the opposite strand and
roll over them.

FIGS. 4 and 9 also show that one end of axle 17 of the
roller 1s fixed by flange 16 and the opposite end by in recess
15a 1n the chain strap. The axle has a bearing race 24 of a
ball bearing 25. Flanges 16 are mounted in non-rotating,
fashion on the chain straps by three studs 23 and are
completely flush with strap 1, so that the flanges do not
protrude to the side. In this context, rollers 15 take up about
half the width of the chain straps. Flanges 11 can also be
designed 1n such a way that they essentially enclose rollers

12.

The mounting of rollers 15 directly on the chain straps by
means of flanges 11 results 1n particularly stable roller
mounting. The rollers are located mside the cross-section of
the energy guiding chain and the axes of rotation inside the
cross-section of the chain straps, thus avoiding protruding
regions.

Due to the fact that the height of arcas 18 protruding
beyond narrow sides 19 of chain straps 1 1s relatively small
compared to the diameter of rollers 15, 1t 1s possible to
operate the energy guiding chain extremely quietly and
smoothly.

As shown in FIG. 4 (bottom), when the roller is
dismounted, the opening facing the respective narrow side
19 of the chain link can be covered with a cap 254 and snap
clements 25b can be provided on the side strap 1n order to
attach 1t, while the mounting elements for the roller can
possibly remain assembled. The same cap or a separate one
can possibly also be used to cover the side area of the side
piece which serves to accommodate the mounting elements
of the roller. The cap can be flush with the respective outside
surface of the side strap.

As shown 1n FIG. §, two cross-members 22 are arranged
immediately adjacent to end sections 3, 4 on inner and outer
straps. Wider sections 36 on the ends of cross-members 22
on outer straps 1 overlap the inside of end sections 4 of the
inner straps with only little play, so that this overlap
increases the stability of the chain.

In order to be able to move the upper strand on the lower
strand by means of rollers 15 with little power, it is (as
shown in FIG. 6) not necessary to provide every chain strap
of energy guiding chain 27 with rollers. Rather, they can be
spaced apart from one another on the chain straps, €.g. every
third or fourth chain link. If the rollers are arranged closely,
¢.g. on every chain link, the rollers come 1nto contact with
the lower strand 29 first during the transition from deflection
zone 30 to upper strand 28, thus avoiding sliding friction.

In the same energy guiding chain 27, chain links with
rollers 38 can also be provided which are longer than chain

links without rollers 37 (FIG. 6).

As shown 1 FIGS. 6 to 8, 1n a suificiently stable energy
cuiding chain, the superposed upper strand i1s arranged 1n
self-supporting fashion due to the slightly protruding rollers
and rests on the lower strand only via the rollers, thus
resulting 1n particularly low friction values 1n the event of

relative motion of the upper and lower strand. Run-up bevels
20 (FIG. 7) expand the gap between the chain strands.

As another component which 1s of particular importance
in connection with the rollers, the energy guiding chain can
be fitted with a steel cable which 1s inextensible in the

longitudinal direction of the chain and flexible 1n the bend-
ing direction of the chain, as shown 1n FIG. 10.

The illustration in FIG. 10 shows an energy guiding chain
27 for accommodating and guiding lines 31 between a
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stationary base 32 and a mobile driver 33 with two parallel
strap strands consisting of opposing straps 1 in the trans-
verse direction which are connected to one another by
cross-members (not shown in FIG. 10). The immediately
adjacent straps la and 1b of each strap strand can swivel
relative to one another in the bending direction of the chain.

As 15 further shown 1 FIG. 10, one section of the chain,
which extends from driver 33 over the upper strand and the
bending region all the way to the lower strand of the chain,
is equipped with elements 34 (34a, 34b, 34c, 34d, Ide, 34f
and 34g) which are inextensible and flexible in the bending
direction of the chain. These elements interconnect chain
links 35a, 35b, 35¢c, 35d, 35¢, 35/ and 35g, which are
mounted 1n the associated region of the chain separated from
one another and from driver 33 by several chain links. Chain
link 35a closest to driver 33 1s connected to driver 33 via
inextensible element 34a.

FIG. 11 shows a second embodiment of the energy
ouiding chain according to the invention. Here, rollers 15 are
mounted on the outside of chain straps 1, 2. Rollers 15 are
not covered. Wider sections 39 with an L-shaped cross-
section, which are provided on the side of outer straps 1 and
inner straps 2, serve as running surfaces and have window-
like openings on those chain links 38 that have rollers 135,
through which openings the rollers 15 project. The arrange-
ment of rollers 15 on the outside of chain straps 1, 2 beyond
the chain cross-section has the advantage that the pitch of
chain links 38 with rollers can be smaller, 1.e. as small as the
pitch of chain links 37 without rollers.

As 1s shown particularly clearly in the cut-away view 1n
FIG. 12, rollers 15 are accommodated by ball bearings 23
(shown only roughly in the illustration), which are secured
by means of a circlip 42 on a bearing pmn 41 integrally
molded on the outside of the associated chain strap 1.

Wider sections 39 with an L-shaped cross-section, which
are provided on outer straps 1 and on 1nner straps 2 of both
strap strands, each form a closed running surface for rollers
15 1n the longitudinal direction, where, 1n this configuration,

run-up bevels rising towards rollers 15 can also be provided,
as can be seen 1n FIGS. 13 and 14.

FIGS. 13 and 14 show two different travel positions of the
energy guiding chain, 1.e. two different relative positions of
chain links 38 with rollers FIG. 14 shows chain links 38
with rollers 1n a laterally offset position. When rollers 15 of
upper strand 28 and lower strand 29 meet, as shown 1n FIG.
13, upper strand 28 must rise in relation to lower strand 29,
because roller 15 shown 1 upper strand 28 has to “climb”
over run-up bevel 20 and roller 15 1 lower strand 29.
Run-up bevel 20 minimizes the projection of rollers 1§
above the running surfaces of wider sections 39, so that
rollers 15 do not jump over one another 1n jerky fashion,
which would cause uneven running of the energy guiding
chain.

FIGS. 15 to 18 show a particularly advantageous third
embodiment of the energy guiding chain according to the
invention, in which rollers 15 are provided with a guide
proiile, 1.e. several all-round guide grooves 40 with a trap-
czoidal cross-sectional profile which are spaced apart from
one another. Ridges 43 remaining between guide grooves 40
of two contacting rollers meet frontally which, because of
the trapezoidal cross-section of the guide grooves, leads to
a lateral offset 1n the relative position of upper strand 28 and
lower strand 29, as shown in FIG. 15. This offset 1s roughly
equal to the width of one guide groove 40, so that the rollers
of upper strand 28 pass through those of lower strand 29. For
this purpose, the depth of guide grooves 40 must, of course,
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be greater than or equal to the distance of rollers 15 from the
running surfaces formed by wider sections 39.

The elasticity of the energy guiding chain easily permits
upper strand 28 and lower strand 29 to be 1 an offset
position of this kind over a relatively great distance, this
ensuring extremely low friction values.

As 1s particularly clearly shown 1n FIG. 17, the rollers of
the chain links of upper strand 28 pass through the chain
links of lower strand 29 when the two meet.

The chain straps and rollers are preferably made of
plastic. However, other combinations of materials are also
possible. For example, the chain straps and/or rollers can
also be made of metallic materials.

LIST OF REFERENCE NUMBERS

1 outer strap

2 1nner strap
3.4 end section

5 link pin
6, 7 end section

8 pin guide

9, 10 pairs of stops

11, 12 middle section

13, 14 bevels

15 roller

15a recess

16 flange

17 rotation axle

18 areca

19 narrow side

20 run-up bevel

21 pin

22 cross-member

23 stud

24 bearing shell

25 ball bearing

25a cap

25b snap elements

26 running surface section
27 energy guiding chain
28 upper strand

29 lower strand

30 deflection zone
31 lines

32 base
33 driver

34 1nextensible element

35 chain link
36 wider section

37 chain link without rollers

38 chain link with rollers

39 wider sections of the chain straps
40 guide grooves

41 bearmng pin

42 circlip
43 ridges
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What 1s claimed 1s:

1. An energy guiding chain for guiding cables or hoses,

comprising:

a plurality of chain links connected to one another in
articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a
oiven chain link, the articulation permitting the chain to
move 1n such a way so as to form an upper strand, a
lower strand, and a deflection zone connecting said
upper and lower strands, the straps having narrow sides
that form top and bottom surfaces of the straps when
the respective link 1s 1in the upper or lower strand, and
whereln at least one said chain link includes two said
cross-members at a distance from one another in the
longitudinal direction of the chamm on at least one
narrow side of the chain straps;

wherein at least some of the chain links of at least one of
the upper strand and the lower strand include rollers,
and wherein at least some of the chain links of the other
of the upper strand and the lower strand include run-
ning surfaces, the rollers being arranged such that when
the energy guiding chain travels the rollers on one
strand can roll on the running surfaces on the other
strand.

2. An energy guiding chain according to claim 1, wherein
the rollers have a guide profile, which 1s formed by several
circumferential guide grooves positioned at a distance from
onc another m the running surface of the rollers.

3. An energy guiding chain according to claim 2, wherein
the guide grooves have a trapezoidal cross-sectional profile.

4. An energy guiding chain according to claim 2, wherein
the rollers project beyond running surfaces formed on the
associated cham strap, and wherein the depth of the guide
ogrooves 15 at least equal to the distance that the rollers

project.

5. An energy guiding chain according to claim 1, wherein
the running surfaces are formed by the narrow sides of the
chain straps facing the opposite strand.

6. An energy guiding chain according to claim 1, wherein
the rollers are located 1 recesses provided on the chain
straps and project at least slightly beyond the chain straps.

7. An energy guiding chain according to claim 6, wherein
at least some of the chain straps have an recess for accom-
modating a roller on one of the narrow sides and have a
continuous running surface on the opposite narrow side, and
wherein said chain straps are arrange to be mounted with one
of the two narrow sides facing the opposite strand.

8. An energy guiding chain according to claim 6, wherein
the rollers are mounted in the recesses of the chain straps by
flanges having a bearing section.

9. An energy guiding chain according to claim 8, wherein
some said chain straps have recesses without rollers, the
chain further including means for bridging recesses which
do not have rollers to prevent rollers from running into the
rECESSES.

10. An energy guiding chain according to claim 1,
wherein at least one said chain link includes at least two
rollers mounted on one chain strap and spaced apart from
onc another 1n the longitudinal direction of the energy
ouiding chain.

11. An energy guiding chain according to claim 1, wherein
the rollers project from running surfaces on the strap, the
running surfaces including run-up bevels rising towards the
rollers.

12. An energy guiding chain according to claim 1,
wherein the rollers are mounted on the side of the chain
straps projecting outward and wider sections of the chain
straps projecting to the side are provided as running sur-
faces.
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13. An energy guiding chain according to claim 12,
wherein at least all the chain straps of one strand are
provided with said wider sections which form a running
surface, so that at least one essentially closed running
surface 1s formed along the length of the energy guiding
chain.

14. An energy guiding chain according to claim 1,
wherein the chain links with rollers are mounted at intervals
of more than one chain link.

15. An energy guiding chain according to claim 1,
wherein the chain links with rollers are distributed over the
length of the energy guiding chain at irregular 1ntervals.

16. An energy guiding chain for guiding cables or hoses,
comprising:

a plurality of chain links connected to one another in
articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a
ogrven chain link, the chain straps having end sections
overlapping with end sections of adjacent chain straps,
the end sections being provided with joint sections to
pivotably join adjacent straps, the articulation permit-
ting the chain to move 1 such a way as to form an
upper strand, a lower strand, and a deflection zone
connecting said upper and lower strands, the straps
having narrow sides that form top and bottom surfaces
of the straps when the respective link 1s 1in the upper or
lower strand, wherein at least one said chain link
includes two said cross-members at a distance from one
another 1n the longitudinal direction of the chain,
wherein the cross-members are arranged adjacent at
least one narrow side of the chain straps, and wherein
at least one cross member 1s provided with lateral wider
sections on 1ts ends which partially cover opposed sides
of straps of an adjacent chain link.

17. An energy guiding chain according to claim 16,
wherein said cross-members are provided on one narrow
side of a strap of said chain links, directly adjacent to the
joint sections of said straps.

18. An energy guiding chain according to claim 16,
comprising at least one element which 1s substantially
inextensible 1n the longitudinal direction of the chain and is
flexible 1n the bending direction of the chain, and which
interconnects chain links 1n at least one area of the chain to
the driver 1n tension-resisting fashion.

19. An energy guiding chain for guiding cables or hoses,
comprising;:

a plurality of chain links connected to one another in
articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a
ogrven chain link, the straps being alternately arranged
inner straps and outer straps connected to one another
and having end sections overlapping with end sections
of adjacent chain straps, the end sections being pro-
vided with joint sections to pivotably join adjacent
straps, the articulation permitting the chain to move 1n
such a way as to form an upper strand, a lower strand,
and a deflection zone connecting said upper and lower
strands, the straps having narrow sides that form top
and bottom surfaces of the straps when the respective
link 1s 1n the upper or lower strand, wherein at least one
said chain link having outer straps includes two said
cross-members at a distance from one another i the
longitudinal direction of the chain, wherein the cross-
members are arranged adjacent at least one narrow side
of the chain straps, and wherein the cross-members
arranged at the outer straps are provided with lateral
wider sections on their ends which partially cover
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opposed sides of the inner straps of both adjacent
ouiding links.
20. An energy guiding chain for guiding cables or hoses,
comprising:
a plurality of chain links connected to one another in
articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a

ogiven chain link, the cross-members being mounted 1n
detachable fashion on the chain straps which are pro-
vided with end sections overlapping with end sections
of adjacent chain straps, the end sections being pro-
vided with joint sections to pivotably join adjacent
straps, the articulation permitting the chain to move 1n
such a way as to form an upper strand, a lower strand,
and a deflection zone connecting said upper and lower
strands, the straps having narrow sides that form top
and bottom surfaces of the straps when the respective
link 1s 1n the upper or lower strand, and wherein at least
one said chain link includes two said cross-members at
a distance from one another in the longitudinal direc-
tion of the chain arranged adjacent at least one narrow
side of the chain straps.

21. An energy guiding chain for guiding cables or hoses,

comprising;

a plurality of chain links connected to one another in
articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a
ogiven chain link, the chain straps having end sections
overlapping with end sections of adjacent chain straps,
the end sections being provided with joint sections to
pivotably join adjacent straps, the articulation permiut-
ting the chain to move 1n such a way as to form an
upper strand, a lower strand, and a deflection zone
connecting said upper and lower strands, the straps
having narrow sides that form top and bottom surfaces
of the straps when the respective link 1s 1n the upper or
lower strand, wherein at least one said chain link
includes at least one cross-member arranged adjacent a
first narrow side of the chain strap and two said
cross-members at a distance from one another in the
longitudinal direction of the chain arranged adjacent a
second narrow side of the respective chain strap oppo-
site to the first narrow side, and wherein the cross-
members arranged at opposite narrow sides are separate
from each other defining a cable guide for guiding the
cables between the at least one cross-member at the
first narrow side and the cross members at the second
narrow side.

22. An energy guiding chain for guiding cables or hoses,

comprising:

a plurality of chain links connected to one another in
articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a
ogiven chain link, the chain straps having end sections
overlapping with end sections of adjacent chain straps,
the end sections being provided with joint sections to
pivotably join adjacent straps, the articulation permiut-
ting the chain to move 1n such a way so as to form an
upper strand, a lower strand, and a deflection zone
connecting said upper and lower strands, the straps
having narrow sides that form top and bottom surfaces

of the straps when the respective link 1s 1n the upper or
lower strand, and wherein at least one said chain links
includes two said cross-members at a distance from one
another 1n the longitudinal direction of the chain
arranged adjacent at least one narrow side of the chain
straps, wherein at least one said chain link includes at
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least one cross-member arranged adjacent a first narrow
side of the chain strap and two said cross-members at
a distance from one another in the longitudinal direc-
tion of the chain arranged adjacent a second narrow
side of the respective chain strap opposite to the first
narrow side, wherein the cross-members are mounted
in detachable fashion on the chain straps, the cross-
members arranged at opposite narrow sides are separate
from each other defining a cable guide for guiding the
cables between the at least one cross-member at the
first narrow side and the cross-members at the second
narrow side.

23. An energy guiding chain for guiding cables or hoses,
comprising;:
a plurality of chain links connected to one another in

articulated fashion, the chain links including parallel
straps, and cross-members connecting the straps of a
ogrven chain link, the chain straps having end sections
overlapping with end sections of adjacent chain straps,
the end sections being provided with joint sections to
pivotably join adjacent straps, the articulation permiut-
ting the chain to move 1n such a way so as to form an
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upper strand, a lower strand, and a deflection zone
connecting said upper and lower strands, the straps
having narrow sides that form top and bottom surfaces
of the straps when the respective link 1s 1 the upper or
lower strand, wherein at least one said chain link
includes two said cross-members at a distance from one
another 1n the longitudinal direction of the chain on at
least one narrow side of the chain straps, wherein at
least one said chain link includes at least one cross-
member arranged adjacent a first narrow side of the
chain strap and two said cross-members at a distance
from one another i1n the longitudinal direction of the
chain arranged adjacent a second narrow side of the
respective chain strap opposite to the first narrow side,
wherein the cross-members are mounted in detachable
fashion on the chain straps, and wherein at least one
cross-member 1s provided with wider sections on 1ts
ends which partially cover opposed sides of the straps
of an adjacent guiding link.
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